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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nitride semiconductor device whose 
yield can be enhanced by reducing composition separation in a function area of 
an active layer or the like. 

SOLUTION: On a n-type nitride gallium substrate 10 whose major face is 
perpendicular to the {11 -20} face and tilted the {0001} face by prescribed angle, a 
1st clad layer 11 made of an n-type AIGaN layer, a 1st optical guide layer 12 
made of an n-type GaN layer, an active layer 13 having a quantum well structure 
made of an undoped InGaN layer, a 2nd optical guide layer 14 made of a p-type 
GaN layer, a 2nd clad layer 15 made of a p-type AIGaN layer and a current block 
layer 16 made of an n-type AIGaN layer are sequentially grown. After forming a 
striped shape current constricting region to the current block layer 16, a 3rd clad 11. 
layer 1 7 made of a p-type AIGaN layer and a contact layer 18 made of a p-type ^ 
GaN layer are sequentially grown on the current black layer 16. &l 
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CLAIMS 



[Claim(s)] 

[Claim 1]A nitride semiconductor device which is provided with a functional area which consists of a 
group-III-V-semiconducter layer containing nitrogen formed on the principal surface of a substrate which consists of a 
group III— V semiconducter containing nitrogen, and said substrate, and is characterized by the principal surfaces of said 
substrate being not less than 13 degrees and a field sloping 90 degrees or less from {0001} sides. 

[Claim 2]The nitride semiconductor device according to claim 1, wherein the principal surface of said substrate is vertical 
to {11-20} side. 

[Claim 3]The nitride semiconductor device according to claim 1, wherein said functional area is an active layer which 
emits light and {11-20} side of said substrate is an optical resonator side. 

[Claim 4]The nitride semiconductor device according to claim 1, wherein the principal surface of said substrate is {1-100} 
side. 

[Claim 5]The nitride semiconductor device according to claim 4, wherein said functional area is an active layer which 
emits light and {0001} sides of said substrate are optical resonator sides. 

[Claim 6]The nitride semiconductor device according to claim 1, wherein the principal surface of said substrate is a field 
sloping [ 28.1 degrees ] from {0001} sides toward a direction equivalent to the [1-100] direction. 

[Claim 7]The nitride semiconductor device according to claim 5, wherein said functional area is an active layer which 
emits light and {1-101} side of said substrate is an optical resonator side. 

[Claim 8]A nitride semiconductor device which is provided with a functional area which consists of a 
group-111-V-semiconducter layer containing nitrogen formed on the principal surface of a substrate which consists of a 
group 1H-V semiconducter containing nitrogen, and said substrate, and is characterized by the principal surface of said 
substrate being a field vertical to {1-101} side. 

[Claim 9]The nitride semiconductor device according to claim 8, wherein said functional area is an active layer which 
emits light and {1-101} side of said substrate is an optical resonator side. 

[Claim 10]The nitride semiconductor device according to claim 8, wherein the principal surface of said substrate is 
{11-20} side. 

[Claim 11]The nitride semiconductor device according to claim 10, wherein said functional area is an active layer which 
emits light and {1-101} side of said substrate is an optical resonator side. 

[Claim 12]The nitride semiconductor device according to claim 8, wherein the principal surface of said substrate is a field 
sloping [ 28.1 degrees ] from {0001} sides toward the [1-100] direction. 

[Claim 13]The nitride semiconductor device according to claim 12, wherein said functional area is an active layer which 
emits light and {11-20} side of said substrate is an optical resonator side. 

[Claim 14]The nitride semiconductor device according to claim 12, wherein said functional area is an active layer which 
emits light and {10-10} side of said substrate is an optical resonator side. 

[Claim 15]A nitride semiconductor device which is provided with a functional area which consists of a 
group-III-V-semiconducter layer containing nitrogen formed on the principal surface of a substrate which consists of a 
group III— V semiconducter containing nitrogen, and said substrate, and is characterized by the principal surfaces of said 
substrate being not less than 13 degrees and a field sloping 90 degrees or less from {0001} sides. 

[Claim 16]The nitride semiconductor device according to claim 15, wherein said functional area is an active layer which 
emits light and {1-100} side of said substrate is an optical resonator side. 

[Claim 17]The nitride semiconductor device according to claim 15, wherein the principal surface of said substrate is 
{11-20} side. 

[Claim 18]The nitride semiconductor device according to claim 17, wherein said functional area is an active layer which 
emits light and {0001} sides of said substrate are optical resonator sides. 

[Claim 19]The nitride semiconductor device according to claim 15, wherein the principal surface of said substrate is a 
field sloping [ 28.1 degrees ] from {0001} sides toward the [1-100] direction. 

[Claim 20]The nitride semiconductor device according to claim 19, wherein said functional area is an active layer which 
emits light and {10-11} side of said substrate is an optical resonator side. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to nitride semiconductor devices, such as blue laser used for high-density 
optica! recording. 

rO002] Drawing 14 shows the nitride semiconductor laser apparatus currently indicated by JP, 8-1 53931, A. 
In this semiconductor laser device, on the silicon on sapphire 1 which makes a field (0001) the principal surface, (0001) 
After the 1st cladding layer 2, active layer 4, and 2nd cladding layer 6 that consist of a nitride system semiconductor 
layer which makes a field the principal surface form the layered product which grows one by one, the optical resonator 
side has been acquired by cutting this layered product in respect of being equivalent to the field (1-100) of the silicon on 
sapphire 1. 

-1 means reversal of 1 and -2 as used in this Description means reversal of 2. 
[0003] 

[Problem(s) to be Solved by the Invention]However, since the conventional nitride semiconductor laser apparatus makes 
the principal surface the field (0001) of the silicon on sapphire 1 which consists of a hexagonal system crystal and there 
are few atomic steps of a substrate face, there is a problem of being easy to produce presentation separation in the 
active layer 4. Since the threshold current of laser will increase and power consumption will increase if presentation 
separation arises in the active layer 4, it is necessary to reduce the presentation separation in the active layer 4 as much 
as possible. 

[0004]Such a problem is not restricted to the nitrides semiconductor laser which has an active layer, but is produced also 
in the nitride semiconductor device which has other functional areas like a transistor. 

[0005]ln view of the above, an object of this invention is to raise the yield of a nitride semiconductor device by reducing 

the presentation separation in functional areas, such as an active layer. 

[0006] 

[Means for Solving the Problem]In order to attain the aforementioned purpose, the 1st nitride semiconductor device 
concerning this invention, Having a functional area which consists of a group-II5-V-semiconducter layer containing 
nitrogen formed on the principal surface of a substrate which consists of a group III— V semiconducter containing nitrogen, 
and a substrate, the principal surfaces of a substrate are not less than 13 degrees and a field sloping 90 degrees or less 
from {0001} sides. 

[0007]Since according to the 1st nitride semiconductor device the principal surface of a substrate is a not less than 
13-degree sloping field and presentation separation does not produce it from {0001} sides in a functional area, a yield of a 
nitride semiconductor device improves. 

[0008]As for the principal surface of a substrate, in the 1st nitride semiconductor device, it is preferred that it is vertical 
to {11-20} side. 

[0009]If it does in this way, by making an edge of a scribe cutter vertical to the principal surface, and applying power in 
the direction along {11-20} side, the whole substrate can be covered and primary cleavage can be performed along 
{11-20} side. 

[0010]In the 1st nitride semiconductor device, a functional area is an active layer which emits light, and, as for {11-20} 
side of a substrate, it is preferred that it is an optical resonator side. 

[001 1]If it does in this way, a semiconductor laser device which makes {11-20} side vertical to the principal surface of a 
substrate an optical resonator side is realizable. 

[0012]As for the principal surface of a substrate, in the 1st nitride semiconductor device, it is preferred that it is {1-100} 
side. 

[0013]lf it does in this way, since secondary cleavage can be performed along {0001} sides vertical to the principal surface 
of a substrate, secondary cleavage will become easy, and a device of rectangular parallelepiped shape can be formed. 
[0014]As for {0001} sides of a substrate, when the principal surface of a substrate is {1-100} side, a functional area is an 
active layer which emits light, and it is preferred that it is an optical resonator side. 

[001 5]If it does in this way, a semiconductor laser device of rectangular parallelepiped shape which makes a secondary 
cleavage plane an optical resonator side is realizable. 

[0016]As for the principal surface of a substrate, in the 1st nitride semiconductor device, it is preferred that it is the field 

sloping [ 28.1 degrees ] from {0001} sides toward a direction equivalent to the [1-100] direction. 

[001 7]If it does in this way, since secondary cleavage can be performed along {1-101} side vertical to the principal 

surface of a substrate, secondary cleavage will become easy, and a device of rectangular parallelepiped shape can be 

formed. 
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[0018]As for {1-101} side of a substrate, when the principal surface of a substrate is a field sloping [ 28.1 degrees 3 from 
(0001) sides toward a direction equivalent to the [1-100] direction, a functional area is an active layer which emits light, 
and it is preferred that it is an optical resonator side. 

[0019]If it does in this way, a semiconductor laser device of rectangular parallelepiped shape which makes a secondary 
cleavage plane an optical resonator side is realizable. 

[0020]The 2nd nitride semiconductor device concerning this invention is provided with a functional area which consists of 
a group-llI-V-semiconducter layer containing nitrogen formed on the principal surface of a substrate which consists of a 
group III-V semiconducter containing nitrogen, and a substrate, and the principal surface of a substrate is a field vertical 
to {1-101} side. 

[0021] According to the 2nd nitride semiconductor device, since it will have an angle of inclination of not less than 13 
degrees from {0001} sides and presentation separation does not arise in a functional area, yield of the principal surface of 
a substrate of a nitride semiconductor device improves. 

[0022]In the 2nd nitride semiconductor device, a functional area is an active layer which emits light, and, as for {1-101} 
side of a substrate, it is preferred that it is an optical resonator side. 

[0023]If it does in this way, a semiconductor laser device which makes a primary cleavage plane an optical resonator side 
is realizable. 

[0024]As for the principal surface of a substrate, in the 2nd nitride semiconductor device, it is preferred that it is {1 1-20} 
side. 

[0025]If it does in this way, since secondary cleavage can be performed along {0001} sides vertical to the principal surface 
of a substrate, secondary cleavage becomes easy. 

[0026]As for {1-101} side of a substrate, when the principal surface of a substrate is {11-20} side, a functional area is an 
active layer which emits light, and it is preferred that it is an optical resonator side. 

[0027]If it does in this way, a semiconductor laser device of rectangular parallelepiped shape which makes a primary 
cleavage plane an optical resonator side is realizable. 

[0028]As for the principal surface of a substrate, in the 2nd nitride semiconductor device, it is preferred that it is the field 
sloping [ 28.1 degrees ] from {0001} sides toward the [1-100] direction. 

[0029]If it does in this way, since secondary cleavage can be performed along {1 1-20} side vertical to the principal 
surface of a substrate, secondary cleavage will become easy, and a device of rectangular parallelepiped shape can be 
formed. 

[0030]As for {1 1-20} side of a substrate, when the principal surface of a substrate is a field sloping [ 28.1 degrees ] from 
{0001} sides toward the [1-100] direction, a functional area is an active layer which emits light, and it is preferred that it 
is an optical resonator side. 

[0031 ]If it does in this way, a semiconductor laser device of rectangular parallelepiped shape which makes a secondary 
cleavage plane an optical resonator side is realizable. 

[0032]As for {10-10} side of a substrate, when the principal surface of a substrate is a field sloping [ 28.1 degrees ] from 
{0001} sides toward the [1-100] direction, a functional area is an active layer which emits light, and it is preferred that it 
is an optical resonator side. 

[0033]If it does in this way, a semiconductor laser device which makes a secondary cleavage plane an optical resonator 
side is realizable. 

[0034]The 3rd nitride semiconductor device concerning this invention is provided with a functional area which consists of 
a group-III-V-semiconducter layer containing nitrogen formed on the principal surface of a substrate which consists of a 
group III— V semiconducter containing nitrogen, and a substrate, and the principal surfaces of a substrate are not less 
than 13 degrees and a field sloping 90 degrees or less from {0001} sides. 

[0035]Since according to the 3rd nitride semiconductor device the principal surface of a substrate is a not less than 

1 3-degree sloping field and presentation separation does not produce it from {0001} sides in a functional area, a yield of a 

nitride semiconductor device improves. 

[0036]In the 3rd nitride semiconductor device, a functional area is an active layer which emits light, and, as for {1-100} 
side of a substrate, it is preferred that it is an optical resonator side. 

[0037]If it does in this way, a semiconductor laser device which makes a primary cleavage plane an optical resonator side 
is realizable. 

[0038]As for the principal surface of a substrate, in the 3rd nitride semiconductor device, it is preferred that it is {1 1-20} 
side. 

[0039]lf it does in this way, by making an edge of a scribe cutter vertical to the principal surface, and applying power in 
the direction along {11-20} side, the whole substrate can be covered and primary cleavage can be performed along 
{11-20} side. 

[0040]As for {0001} sides of a substrate, when the principal surface of a substrate is {1 1-20} side, a functional area is an 
active layer which emits light, and it is preferred that it is an optical resonator side. 

[0041 ]If it does in this way, a semiconductor laser device of rectangular parallelepiped shape which makes a secondary 
cleavage plane an optical resonator side is realizable. 

[0042]As for the principal surface of a substrate, in the 3rd nitride semiconductor device, it is preferred that it is the field 
sloping [ 28.1 degrees ] from {0001} sides toward the [1-100] direction. 

[0043]If it does in this way, since secondary cleavage can be performed along {1-100} side vertical to the principal 
surface of a substrate, secondary cleavage becomes easy. 

[0044] As for {10-1 1} side of a substrate, when the principal surface of a substrate is a field sloping [ 28.1 degrees ] from 
{0001} sides toward the [1-100] direction, a functional area is an active layer which emits light, and it is preferred that it 
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is an optical resonator side. 

[0045]lf it does in this way, a semiconductor laser device which makes a primary cleavage plane an optical resonator side 

is realizable. 

[0046] 

[Embodiment of the lnvention]Hereafter, the nitride semiconductor device concerning each embodiment of this invention 
is explained using Drawings. The general term of one of fields equivalent to a field (11-20) and (1 1-20) a field is meant, 
and the [1 1-20] direction as used in the following explanation means the general term of the direction equivalent to the 
<1 1-20> direction and the <1 1-20> direction of either, for example as {1 1-20). 

[0047](A 1st embodiment) A nitride semiconductor laser apparatus concerning a 1st embodiment and a manufacturing 
method for the same are explained hereafter, referring to drawing 1 , drawing 2 , and drawing 3 . 

[0048]As shown in drawing 1 , substrate temperature is set as 1000 ** within the chamber of an organic metal vapor 
growth apparatus (an MOCVD system is called hereafter), The 1st light guide layer 12 that consists of the 1st cladding 
layer 1 1 and n type GaN layer that come from a n type AIGaN layer on the n type gallium nitride substrate 10 which 
makes the principal surface the field (it turned off) where only the angle predetermined [ {0001} sides to ] vertical to 
{11-20} side and inclined is grown up, respectively. 

[0049]Next, the active layer 13 which consists of a undoped InGaN layer and has quantum well structure on the 1st light 
guide layer 1 2 where substrate temperature is lowered to 800 ** is grown up. 

[0050]Next, substrate temperature is again set as 1000 **, and the current block layer 16 which consists of the 2nd light 
guide layer 14 that comes from a p type GaN layer on the active layer 13, the 2nd cladding layer 15 that consists of p 
type AIGaN layers, and a n type AIGaN layer is grown up one by one. 

[0051]Next, a sample is transported to a reactive-ion-etching device (an RIE system is called hereafter) from an MOCVD 
system, It etches to the current block layer 16, and the current constriction region (a stripe region is called hereafter) of 
stripe shape with a width of 2 micrometers prolonged in the [11-20] direction is formed. 

[0052]Next, a sample is again carried in to an MOCVD system, substrate temperature is set as 1000 **, and the contact 
layer 18 which consists of the 3rd cladding layer 17 and p type GaN layer that come from a p type AIGaN layer on the 
current block layer 16 in which the stripe region is formed is grown up one by one. The growing process of a 
semiconductor layer is completed by this. The direction of the principal surface of each semiconductor layer in this 
growing process is the same as that of the principal surface of the gallium nitride substrate 10. 

[0053]Next, a wafer process will be completed, if the negative electrode 21 which consists of n type Ti/Au membrane is 
formed in the undersurface of the gallium nitride substrate 10 and the positive electrode 21 which becomes the upper 
surface of the contact layer 18 from p type nickel/Au membrane is formed. 

[0054]Next, primary cleavage which makes {11-20} side a primary cleavage plane to the wafer form gallium nitride 
substrate 10 is performed, and the optical resonator side which consists of {1 1-20} side vertical to the principal surface 
of a substrate is acquired. 

[0055]!n this case, since the principal surface of a substrate is set as a field vertical to {1 1-20} side, where the edge of a 
scribe cutter is vertically located to the principal surface, By applying power in the direction along {1 1-20} side, it 
continues all over a wafer, primary cleavage can be carried out along {1 1-20} side, and the layered product of the bar 
shape with which the laser device was located in a line by this can be obtained. 

[0056]Next, if secondary cleavage is performed to the layered product of bar shape to which primary cleavage was 
performed, the semiconductor laser device concerning a 1st embodiment will be obtained. 

r0057l Drawing 2 and drawing 3 show the relation between the angle of inclination (an angle of inclination is only called 
hereafter) theta from {0001} sides and primary cleavage plane in the semiconductor laser device concerning a 1st 
embodiment, and a secondary cleavage plane. 

[0058]The angle of inclination theta is 90 degrees or less, and a secondary cleavage plane turns into {0001} sides at the 
time of not less than 45 degrees so that drawing 2 may show. When shown in drawing 2 , the direction of a stripe region is 
the [11-20] direction. 

[0059]Since a secondary cleavage plane also turns into {0001} sides vertical to the principal surface especially when the 
angle of inclination theta is 90 degrees (i.e., when the principal surface is {1-100} side), secondary cleavage also becomes 
very easy and the device of rectangular parallelepiped shape can be obtained. 

[0060]The angle of inclination theta is not less than 13 degrees, and a secondary cleavage plane is {1-101} side at the 
time below 45 degrees. 

[0061]Since a secondary cleavage plane also turns into the principal surface and vertical {1-101} side especially when the 
angle of inclination theta is 28.1 degrees, secondary cleavage becomes very easy and the device of rectangular 
parallelepiped shape can be obtained. 

[0062]In a 1st embodiment, since a secondary cleavage plane becomes vertical to the principal surface when the angle of 
inclination theta is 90 degrees or 28.1 degrees, the direction of a stripe region can be changed with the [11-20] direction. 
Hereafter, these cases are explained, referring to drawing 3 . 

[0063]When the angle of inclination theta is 90 degrees, as shown in the upper row of drawing 3 , set up the direction of a 
stripe region in the [0001] directions, and a primary cleavage plane is made into {0001} sides, and a secondary cleavage 
plane can be made into {11-20} side. 

[0064]When the angle of inclination theta is 28.1 degrees, as shown in the lower berth of drawing 3 , set up the direction 
of a stripe region in the [1-101] direction, and a primary cleavage plane is made into {1-101} side, and a secondary 
cleavage plane can be made into {11-20} side. 

[0065]As shown in drawing 2 , the angle of inclination theta is less than 13 degrees, and a secondary cleavage plane is 
{1-100} side at the time of 0 degrees or more. 
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[0066]By the way, since a secondary cleavage plane does not become vertical to the principal surface when an angle of 
inclination is except 90 degrees, 28.1 degrees, and 0 degree, secondary cleavage becomes difficulty a little, but. A laser 
device will carry out secondary cleavage of the layered product located in a line with bar shape to a short side direction, 
and since the length of secondary cleavage is very short, the secondary cleavage of an oblique direction is possible. 
[0067]Hereafter, in a 1st embodiment, the angle of inclination theta explains a Reason with preferred it being not less 
than 13 degrees. 

F006 81 Drawing 12 (a) and (b) expresses with the semiconductor laser device, an emission spectrum, i.e., a 
spontaneous-emission spectrum, when the current below threshold current is poured in, and drawing 1 2 (a). When the 
angle of inclination theta is set as 90 degrees, in a 1st embodiment, the case of the semiconductor laser device which it 
was got blocked, and the semiconductor layer was grown up into the {1-100} side, and was obtained is shown, and drawing 
1 2 (b). When it is equivalent to the semiconductor laser device of a conventional example and the angle of inclination 
theta is set up at 0 degree, the case of the semiconductor laser device which it was got blocked, and the semiconductor 
layer was grown up on {0001} sides, and was obtained is shown. Actually, although the strength of luminescence in a cycle 
of several nanometers appears in an emission spectrum corresponding to resonator mode, by this measurement, in order 
to raise sensitivity, spectrometer resolution is lowered, and the envelope of the emission spectrum is observed. 
[0069]When the angle of inclination theta is 90 degrees as are shown in drawing 1 2 (b), and it is shown in drawing 1 2 (a) 
to two intensity peaks being observed, when the angle of inclination theta is 0 degree, only one intensity peak is not 
observed. 

[0070]Since presentation separation takes place on {0001} sides when the angle of inclination theta is 0 degree (i.e., since 
two presentations exist), the intensity peak whose number is two is observed. The field which has a different band gap 
from an oscillation wavelength does not contribute to laser oscillation. For this reason, the substantial volume of the 
active layer which contributes to an oscillation is reduced. 

[0071]Presentation separation was observed not only when the angle of inclination theta is 0 degree, but when the angle 
of inclination theta was less than 13 degrees. 

[0072]On the other hand, when the angle of inclination theta was not less than 13 degrees, most presentation separation 
was not observed. 

[0073]When the angle of inclination theta exceeds 90 degrees with the symmetry of a crystal, the same result as the 
case where the angle of inclination theta is less than 90 degrees is obtained. 

r0074] Prawing 13 shows the relation between the angle of inclination theta and the laser oscillation threshold of the 
current light density characteristics, and if the angle of inclination theta will be less than 13 degrees so that drawing 13 
may show, threshold current will become large rapidly. 

[0075]Therefore, presentation separation takes place that the angle of inclination theta is less than 13 degrees, and it can 
check that threshold current increases by this. 

[0076]Since all have [ according to the semiconductor laser device concerning a 1st embodiment ] an angle of inclination 
of not less than 13 degrees from {0001} sides in the principal surface, presentation separation is not produced in an active 
layer. 

[0077](A 2nd embodiment) A nitride semiconductor laser apparatus concerning a 2nd embodiment and a manufacturing 
method for the same are explained hereafter, referring to drawing 4 , drawing 5 , drawing 6 , and drawing 7. 
[0078]The nitride semiconductor laser apparatus concerning a 2nd embodiment is a semiconductor laser device set as 
the field where the principal surface is vertical to {1-101} side. As an example of a field vertical to {1-101} side, the field 
sloping 28.1 degrees is mentioned in the [1-100] direction from {0001} sides. 

[0079]Hereafter, the manufacturing method of the nitride semiconductor laser apparatus which has such the principal 
surface is explained. 

[0080]By the MOCVD method, the principal surface on the n type gallium nitride substrate 10 made into a field vertical to 
{1-101} side, The 1st cladding layer 1 1 that consists of n type AIGaN layers, the 1st light guide layer 12 that consists of n 
type GaN layers, the active layer 13 which consists of a undoped InGaN layer and has quantum well structure, the 2nd 
light guide layer 14 that consists of p type GaN layers, the 2nd cladding layer 15 that consists of p type AIGaN layers. 
And the current block layer 16 which consists of n type AIGaN layers is grown up one by one. 

[0081]Next, it etches to the current block layer 16, and the current constriction region (a stripe region is called hereafter) 
of the stripe shape prolonged in the [1-101] direction at the current block layer 16 is formed. 

[0082]Next, the contact layer 18 which consists of the 3rd cladding layer 17 and p type GaN layer that come from a p 
type AIGaN layer by the MOCVD method on the current block layer 16 in which the stripe region is formed is grown up 
one by one. 

[0083]Next, a wafer process will be completed, if the negative electrode 21 is formed in the undersurface of the gallium 
nitride substrate 10 and the positive electrode 21 is formed in the upper surface of the contact layer 18. 
[0084]Next, primary cleavage which makes {1-101} side a primary cleavage plane to a wafer is performed, and the optical 
resonator side of a laser device is acquired. 

[0085]In this case, since the principal surface of a substrate is set as a field vertical to {1-101} side, where the edge of a 
scribe cutter is vertically located to the principal surface, By applying power in the direction along {1-101} side, it 
continues all over a wafer, primary cleavage can be carried out in respect of {1-101}, and the layered product of the bar 
shape with which the laser device was located in a line by this can be obtained. 

[0086]Next, if secondary cleavage is performed to the layered product of bar shape to which primary cleavage was 
performed, the semiconductor laser device concerning a 2nd embodiment will be obtained. 

r008 71 Drawing 5 - drawing 7 show the relation between the angle of inclination theta from {0001} sides and primary 
cleavage plane in the semiconductor laser device concerning a 2nd embodiment, and a secondary cleavage plane. 
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[0088]In a 2nd embodiment, the principal surface is set as a field vertical to {1-101} side. Since 61.9 degrees of {1-101} 
sides incline to {0001} sides in the case of gallium nitride, the principal surface which is less than 28.1 degrees cannot 
have the angle of inclination theta from {0001} sides. 

[0089]When the angle of inclination theta is not less than 45 degrees so that drawing 5 may show, the secondary 
cleavage which makes {0001} sides a secondary cleavage plane is possible. 

[0090]Since the principal surface turns into {1 1-20} side and a secondary cleavage plane turns into {0001} sides vertical 
to the principal surface especially when the angle of inclination theta is 90 degrees, secondary cleavage becomes easy 
and is preferred. In this case, since 61.9 degrees of {0001} sides incline to {1-101} side, the plane shape of the principal 
surface serves as a parallelogram, but if an optical resonator side is vertically set up to a stripe region, since laser 
oscillation is possible, trouble will not be produced in laser operation. 

[0091]Although the angle of inclination theta is not less than 45 degrees and the shape of an optical resonator side also 
serves as a parallelogram at the time below 90 degrees, since the primary cleavage plane of a couple is mutually parallel, 
manufacture of a laser device is possible. 

[0092]The secondary cleavage which the angle of inclination theta is less than 45 degrees, and makes {11-20} side a 
secondary cleavage plane at the time of not less than 28.1 degrees is possible. 

[0093]When the field which inclined 28.1 degrees toward the direction equivalent to the [1-100] direction especially from 
{0001} sides is made into the principal surface of a substrate, a secondary cleavage plane turns into vertical [1 1-20} side 
to both the principal surface and an optical resonator side, and since a laser device becomes rectangular parallelepiped 
shape, it is preferred. 

[0094]The angle of inclination theta is possible also for also making a secondary cleavage plane into {0001} sides in about 
45 degrees, and considering it as {11-20} side. A secondary cleavage plane is controllable by specifically controlling the 
direction which applies power to the edge of a scribe cutter. 

r0095l Prawing 6 shows the case where secondary cleavage is performed in a secondary cleavage plane which the angle 
of inclination theta is less than 45 degrees, and is different from the secondary cleavage plane shown in drawing 5 when it 
is not less than 28.1 degrees. As drawing 6 shows, when the angle of inclination theta is less than 45 degrees and it is not 
less than 28.1 degrees, it is possible to make a secondary cleavage plane into {10-10} side. 

[0096]The angle of the field which is a specific field in the case of gallium nitride (1-101), and a field (10-10) to make is 
63.8, and the angle of the field which is a specific field (1-101), and a field (-1010), a field (01-10) and (0-110) a field to 
make is also 63.8 degrees. However, each of the angles (1-101) which the fields which exist in the same direction as a 
field (-1 101) in C side make, for example (1-101), angles of a field and a field (1-100) to make, and angles of a field and a 
field (-1100) to make is 28.1 degrees. Suppose that the equivalent field of other directions of [ within C side ] is pointed 
out by changing an order of the 1st to the 3rd index in the following explanation by changing and writing {10-10} side and 
an index, for example to {1-100} side. In the case of gallium nitride, an order of the 1st to the 3rd index is changed, and 
{1-100} side and the field whose angle to make is 63.8 degrees are considered as the general term of {10-10} side. 
[0097]When the field which inclines 28.1 degrees toward a direction equivalent to the [1-100] direction especially from 
{0001} sides is made into the principal surface, since it becomes vertical {1-100} side to the principal surface and 
secondary cleavage becomes easy, a secondary cleavage plane is preferred. 

[0098]The angle of inclination theta is less than 45 degrees, and when it is not less than 28.1 degrees, it is selectable as a 
secondary cleavage plane in two fields of {1 1-20} side and {1-100} side, but. By controlling the direction of the power 
applied to the edge of a scribe cutter, or taking the method of forming a marking-off line along a cleavage direction, it is 
possible to control the secondary cleavage plane acquired. 

[0099]In a 2nd embodiment, since a secondary cleavage plane becomes vertical to the principal surface when the angle of 
inclination theta is 90 degrees or 28.1 degrees, the direction of a stripe region can be changed with the [1-101] direction. 
Hereafter, these cases are explained, referring to drawing 7 . 

[0100]When the angle of inclination theta in drawing 5 is 90 degrees, as shown in the upper row of drawing. 7, set up the 
direction of a stripe region in the [0001] directions, and a primary cleavage plane is made into {0001} sides, and a 
secondary cleavage plane can be made into {1-101} side. 

[0101]When the angle of inclination theta in drawing 5 is 28.1 degrees, as shown in the middle of drawing 7, set up the 
direction of a stripe region in the [11-20] direction, and a primary cleavage plane is made into {11-20} side, and a 
secondary cleavage plane can be made into {1-101} side. 

[0102]When the angle of inclination theta in drawing 6 is 28.1 degrees, as shown in the lower berth of drawing 7, set up 
the direction of a stripe region in the [10-10] direction, and a primary cleavage plane is made into {10-10} side, and a 
secondary cleavage plane can be made into {1-101} side. 

[0103]Since all will have [ according to the semiconductor laser device concerning a 2nd embodiment ] an angle of 
inclination of not less than 13 degrees from {0001} sides in the principal surface, presentation separation is not produced 
in an active layer. 

[0104](A 3rd embodiment) A nitride semiconductor laser apparatus concerning a 3rd embodiment and a manufacturing 
method for the same are explained hereafter, referring to drawing 8 , drawing 9 , drawing 10 , and drawing 1 1 . 
[0105]The nitride semiconductor laser apparatus concerning a 3rd embodiment has the principal surface vertical to 
{1-100} side, and is a semiconductor laser device set as the field whose angle of inclination theta from {0001} sides is not 
less than 13 degrees. The principal surface is vertical to {1-100} side, and {11-20} side is mentioned as an example of the 
field whose angle of inclination theta from {0001} sides is not less than 13 degrees. 

[0106]Hereafter, the manufacturing method of the nitride semiconductor laser apparatus which has such the principal 
surface is explained. 

[0107]By the MOCVD method, the principal surface on the n type gallium nitride substrate 10 made into a field vertical to 
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{1-100} side, The 1st cladding layer 1 1 that consists of n type AIGaN layers, the 1st light guide layer 12 that consists of n 
type GaN layers, the active layer 13 which consists of a undoped InGaN layer and has quantum weil structure, the 2nd 
light guide layer 14 that consists of p type GaN layers, the 2nd cladding layer 15 that consists of p type AIGaN layers. 
And the current block layer 16 which consists of n type AIGaN layers is grown up one by one. 

[0108]Next, it etches to the current block layer 16, and the current constriction region (a stripe region is called hereafter) 
of the stripe shape prolonged in the [1-100] direction at the current block layer 16 is formed. 

[0109]Next, the contact layer 18 which consists of the 3rd cladding layer 17 and p type GaN layer that come from a p 
type AIGaN layer by the MOCVD method on the current block layer 16 in which the stripe region is formed is grown up 
one by one. 

[0110]Next, a wafer process will be completed, if the negative electrode 21 is formed in the undersurface of the gallium 
nitride substrate 10 and the positive electrode 21 is formed in the upper surface of the contact layer 18. 
[0111]Next, primary cleavage which makes {1-100} side a primary cleavage plane to a wafer is performed, and the optical 
resonator side of a laser device is acquired. 

[01 12]In this case, since the principal surface of a substrate is set as a field vertical to {1-100} side, where the edge of a 
scribe cutter is vertically located to the principal surface, By applying power in the direction along {1-100} side, it 
continues all over a wafer, primary cleavage can be carried out in respect of {1-100}, and the layered product of the bar 
shape with which the laser device was located in a line by this can be obtained. 

[01 13]Next, if secondary cleavage is performed to the layered product of bar shape to which primary cleavage was 
performed, the semiconductor device concerning a 3rd embodiment will be obtained. 

r0114] Drawing 9 - drawing 1 1 show the relation between the angle of inclination from {0001} sides and primary cleavage 

plane in the semiconductor laser device concerning a 3rd embodiment, and a secondary cleavage plane. 

[0115]The secondary cleavage which the angle of inclination theta is not less than 45 degrees, and makes {0001} sides a 

secondary cleavage plane at the time of 90 degrees or less is possible so that drawing 9 may show. 

[0116]Since the principal surface turns into {11-20} side especially when the angle of inclination theta is 90 degrees, a 

secondary cleavage plane turns into the same field as an optical resonator side and the substrate principal surface, and 

since a laser device becomes rectangular parallelepiped shape, it is preferred. 

[01 1 7]lf the substrate which has such the principal surface is used, the laser device which has a stripe region of the 
[0001] directions can be manufactured. 

[01 18]When the angle of inclination theta is less than 45 degrees, it is possible to make {1 1-20} side into a secondary 
cleavage plane. 

[01 19]When the angle of inclination theta is less than 13 degrees, although a secondary cleavage plane is {1 1-20} side, 
since presentation separation occurs in an active layer, it is not preferred. 

[0120]If the principal surface of a semiconductor laser is set as the field which has an angle of inclination of not less than 
13 degrees from {0001} sides, presentation separation will not be generated in an active layer. 

r0121l Drawing 10 shows the case where secondary cleavage is performed in a different secondary cleavage plane from 
the secondary cleavage plane shown in drawing 9 , when the angle of inclination theta is less than 45 degrees. As drawing 
10 shows, when the angle of inclination theta is less than 45 degrees, it is possible to make a secondary cleavage plane 
into {10-11} side. 

[0122]In the case of gallium nitride, {10-11} side is considered as the general term of the field which makes the angle of 
63.8 degrees to {1-100} side. 

[0123]Since {10-11} side is making the {1-100} side and the angle of 63.8 degrees, the shape of the principal surface 
serves as a parallelogram, but since the stripe region is vertical to an optical resonator side, it is convenient to laser 
oscillation. 

[0124]When the angle of inclination theta is less than 13 degrees, since presentation separation occurs in an active layer 
and the increase in the threshold of laser is caused, it is not desirable. 

[0125]The angle of inclination theta is less than 45 degrees, and when it is not less than 28.1 degrees, it is selectable as a 
secondary cleavage plane in two fields of {1 1-20} side and {1-100} side, but. By controlling the direction of the power 
applied to the edge of a scribe cutter, or taking the method of forming a marking-off line along a cleavage direction, it is 
possible to control the secondary cleavage plane acquired. 

[0126]In a 3rd embodiment, since a secondary cleavage plane becomes vertical to the principal surface when an angle of 
inclination is 90 degrees or 28.1 degrees, the direction of a stripe region can be changed with the [1-100] direction. 
Hereafter, these cases are explained, referring to drawing 11 . 

[0127]When the angle of inclination theta in drawing 9 is 90 degrees, as shown in the upper row of drawing. 1 1 , set up the 
direction of a stripe region in the [0001] directions, and a primary cleavage plane is made into {0001} sides, and a 
secondary cleavage plane can be made into {1-100} side. 

[0128]When the angle of inclination theta in drawing 10 is 28.1 degrees, as shown in the lower berth of drawing 1 1 , set up 
the direction of a stripe region in the [10-11] direction, and a primary cleavage plane is made into {10-11} side, and a 
secondary cleavage plane can be made into {1-100} side. 

[0129]Since all have [ according to the semiconductor laser device concerning a 3rd embodiment ] an angle of inclination 
of not less than 13 degrees from {0001} sides in the principal surface, presentation separation is not produced in an active 
layer. 

[0130]In the 1st - a 3rd embodiment, although the substrate which consists of gallium nitride was used, it replaces with 
this, and even if it uses the substrate which consists of gallium-aluminum-nitride indium, the same effect is acquired. 
[0131]But when using the substrate which consists of gallium-aluminum-nitride indium, or when distortion exists in a 
substrate, it cannot be overemphasized that the angle of inclination theta changes with gaps of a grating constant before 
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and after some rather than a predetermined angle. 

[0132]In the 1st - a 3rd embodiment, although the semiconductor laser device was explained, the nitride semiconductor 
device concerning this invention is applicable also to the device which has other functional areas like a transistor. Even in 
this case, separation of the chip by cleavage is easy, and it cannot be overemphasized that the effect that presentation 
separation is controlled and actuating current can be reduced is acquired. 
[0133] 

[Effect of the Invention]Since presentation separation does not arise in a functional area according to the 1st concerning 
this invention - the 3rd nitride semiconductor device, the yield of a nitride semiconductor device improves. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

"f.This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing H it is a perspective view of the semiconductor laser device concerning a 1st embodiment of this invention. 
[Drawing 2l lt is a figure showing the relation between the angle of inclination theta and primary cleavage plane in the 
semiconductor laser device concerning a 1st embodiment of this invention, and a secondary cleavage plane. 
[Drawing 3] It is a figure showing the relation between the angle of inclination theta and primary cleavage plane in the 
semiconductor laser device concerning a 1st embodiment of this invention, and a secondary cleavage plane. It is shown. 
[Drawing 4} lt is a perspective view of the semiconductor laser device concerning a 2nd embodiment of this invention. 
[Drawing 5] It is a figure showing the relation between the angle of inclination theta and primary cleavage plane in the 
semiconductor laser device concerning a 2nd embodiment of this invention, and a secondary cleavage plane. 
[Drawing 6] It is a figure showing the relation between the angle of inclination theta and primary cleavage plane in the 
semiconductor laser device concerning a 2nd embodiment of this invention, and a secondary cleavage plane. 
[Drawing 7] It is a figure showing the relation between the angle of inclination theta and primary cleavage plane in the 
semiconductor laser device concerning a 2nd embodiment of this invention, and a secondary cleavage plane. 
[Drawing 8] It is a perspective view of the semiconductor laser device concerning a 3rd embodiment of this invention. 
[Drawing 9l lt is a figure showing the relation between the angle of inclination theta and primary cleavage plane in the 
semiconductor laser device concerning a 3rd embodiment of this invention, and a secondary cleavage plane. 
[Drawing 10] It is a figure showing the relation between the angle of inclination theta and primary cleavage plane in the 
semiconductor laser device concerning a 3rd embodiment of this invention, and a secondary cleavage plane. 
[Drawing 1 1] It is a figure showing the relation between the angle of inclination theta and primary cleavage plane in the 
semiconductor laser device concerning a 3rd embodiment of this invention, and a secondary cleavage plane. 
[Drawing 1 2] (a) and (b) are figures which express an emission spectrum when the current below threshold current is 
poured in with a semiconductor laser device, (a) is a case of a 1st embodiment, and (b) is a case of a conventional 
example. 

[Drawing 13] It is a characteristic figure showing the relation of the angle of inclination theta and laser oscillation threshold 
in a semiconductor laser device. 

[Drawing 14] It is a perspective view showing the conventional semiconductor laser device. 
[Description of Notations] 

10 Gallium nitride substrate 

11 The 1st cladding layer 

12 The 1st light guide layer 

1 3 Active layer 

14 The 2nd light guide layer 

15 The 2nd cladding layer 

16 Current block 

17 The 3rd cladding layer 

1 8 Contact layer 

21 Negative electrode 

22 Positive electrode 



[Translation done.] 
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